It would be natural to suppose that potassium enters Valonia as KC1 since it appears in this form in the sap. We find, however, that on this basis we cannot predict the behavior of potassium in any respect. But we can readily do so if we assume that it penetrates chieflyl.2 as KOH. We may then say that under normal conditions potassium enters the cell because the ionic activity product (K) (OH) is greater outside than inside. This hypothesis leads to the following predictions:
15 days, but care was taken to prevent injury by limiting the magnitude of the pH changes. The temperature fluctuated between 15 ° and 25°C., but did not vary more than 5°C. in one experiment.
In the preliminary experiments it was found that the pH could not be lowered much below 6.5 without producing obvious signs of injury in 24 hours. The upper limit which the cells would tolerate was not determined. It is undesirable to go above pH 9.4 on account of the rapid precipitation of calcium carbonate. We worked at pH 8.8 which the cells could tolerate for many days without injury.
It was found that the pH of sea water in contact with the cells tends to change so rapidly as seriously to vitiate the conclusions from experiments where no account of this was taken. Hence the experiments were carried out in such a way as to minimize the change (or else to exaggerate it).
No single procedure for exposing the cells was used. In some cases tubes and glass gutters (as described previously) were employed, 8 in others stoppered bottles of Pyrex glass.
Sometimes the cells were exposed out of doors with the usual alternations of light and dark, and sometimes inside under constant artificial illumination. In some cases there was a current of sea water, in others it was changed infrequently. The particular method of exposure will be described in detail under each experiment as well as the reason for the procedure. In every experiment 16 liters of sea water at each pH were prepared and in the experiment with circulation it was passed over the cells again and again.
Growth was measured on a sample lot of ceils believed to be representative of the whole as described elsewhere; a the apparatus for measuring volume was that described in a previous paper. 3
The pH of the sea waters was determined as described in a previous paper, brom thymol blue, cresol red, and thymol blue being used for the low, normal, and high pH sea waters respectively. For sap chlor phenol red was used.
The analyses for potassium, sodium, and halide were also carried out as described in the papers cited above. Since sodium is determined by difference the figures are less accurate than in the other cases. This should be borne in mind in those cases where the tables show an apparent loss in moles of sodium.
Each analysis required the sap of from 50 to 75 cells: hence the analyses represent the average of this number of ceils. Absence of any appreciable increase in the sulfate during exposure was taken to indicate absence of severe injury. The cells were examined macroscopically and microscopically before and after exposure and appeared to be in excellent condition.
The usual precautions were taken to obtain representative samples of sap for analysis. In most of the experiments large numbers of cells were available so that no large ones (i.e. over 0.5 cc.) had to be used.
As is well known, sea water is reasonably well buffered by the presence of sodium bicarbonate at a concentration of about 0.002 normal and of free CO2 at a partial pressure of about 0.0003 atmosphere, which means that it is practically in equilibrium with the atmosphere.
If it is desired to change the pH of the sea water three courses are open. (a) The bicarbonate-carbonic acid buffer system may be replaced by another in which the weak acid is not in equilibrium with the air. (b) The concentration of bicarbonate ion may be kept constant and the COs tension raised or lowered to lower or raise the pH. (c) The COs tension may be kept constant and the concentration of sodium bicarbonate and sodium carbonate raised or lowered to raise or lower the pH.
Alternative (a) would, in theory, overcome the difficulty associated with the change in the COs tension of the sea water caused by the photosynthetic and respiratory processes of the cells. However, it would also deprive the cells of free CO2. It might be difficult also to maintain the air over the sea water free of CO2 during long experiments. Nevertheless if only part of the bicarbonatecarbonic system were replaced, it seemed possible that the cells might receive their normal supply of COs and at the same time the sea water pH might remain more constant if there were present a buffer system not sensitive to photosynthesis or respiration. Preliminary experiments were performed to test this possibility, using phosphoric and succinlc acids. In each case 9/10 of the bicarbonate was replaced. In the case of phosphoric acid at all pH values studied the resulting sea waters were toxic in 24 hours. Succinic acid on the other hand was well tolerated, but in comparison with a control with normal sea water there was no decided improvement in the constancy of the pH.
Alternative (b) was considered to be impractical for long experiments because of the difficulty of maintaining over the sea water an atmosphere containing more or less COs than the normal amount.
Alternative (c) was therefore adopted as the most practical. Moreover, our experiments on the penetration of COs into Valonia 4 show that the pH of the sap is strongly influenced by changes in the concentration of free CO2 in the sea water. Hence the plan in which the sea water used is in equilibrium with normal air is to be preferred, because we know within limits the pH to be expected in the sap of cells in normal sea water under these conditions. When the pH of sea water is to be lowered it would seem possible to calculate the amount of HC1 required to be added to decompose enough bicarbonate to produce the needed lowering. Actually this can rarely be done. This may be due to the presence in the sea water of varying amounts of finely divided CaCOa. The sea water used in these experiments was obtained about ½ mile from land in the 30 foot ship channel where it was frequently slightly milky, especially for several days after storms which in winter in Bermuda often stir up the coral sand at the bottom. In large bottles in the laboratory it appeared perfectly clear. 40sterhout, W. J. V., and Dorcas, M. J., Y. Gen. Physiol., 1925-26, 9, 255. Jacques, A. G., and Osterhout, W. J. V., J. Gen. Physiol., 1929-30, 13, 695. Our method of procedure for lowering the pH of the sea water was to add sufficient HC1 to lower the pH below the required point. Air (previously saturated with moisture over sea water) was then bubbled through until the pH rose above the required point. Hereafter further additions of HC1 were made with prolonged aeration in between until at length the required pH was reached and did not change with further aeration. This procedure was necessitated by the fact that the sea water easily becomes supersaturated with respect to C02 when acidified and it requires prolonged aeration to adjust this.
When the required point had been reached a sample of sea water was analyzed for total CO2, using the Van Slyke constant volume apparatus. It was found that when the pH remained constant at 6.8-7.0 after aeration the concentration of COs in the sea water was in the neighborhood of 0.00011~r. This agrees roughly with McClendon's 5 results assuming that the COs tension of the atmosphere is in the neighborhood of 0.0003.6
In raising the pH above normal, 0.6 ~ Na0H was added in small amounts with prolonged aeration with air saturated over sea water between additions until the required pH was reached. When the pH was raised above 9.4 it was found that CaCO8 was slowly precipitated, but by working in the manner described the loss of calcium due to this was reduced to a minimum. It was found that in the course of the experiments photosynthesis raised the pH above 9.4 and as a result calcium was lost. In order to determine the extent of this loss the high pH sea water was analyzed for total COs before and after the experiment in some cases. In the worst case the loss of total CO2, presumably as CaCO~, amounted to about 0.001 equivalent per liter, and since the original concentration of calcium in normal sea water is 0.02 normal it follows that the loss was only about 5 per cent, which we do not consider enough to vitiate the results seriously.
RESULTS

A. At High 101t: Flowing Sea Water
To keep the pH as constant as possible sea water was made to flow over the cells (day and night) as described in previous papers. 3,7 The cells were kept out of doors and shaded from direct sunlight.
In each experiment one lot was exposed to sea water at pH 8. 8 and 5 McClendon, J. F., J. Biol. Chem., 1917, 30, 274. 6 Mter completing the experiments our attention was called to the paper by Tomita (Tomita, G., J. Shanghai Se. Inst., Sect. IV, 1933, 1, 19) in which he calls attention to the importance for biological work of adjusting the CO, tension of sea water after acidification. 7 In the present experiments about a liter and a half per hour flowed over the ceils which were spread out in a thin layer. The COs was replaced by frequent aeration. the other to a control in sea water at 8.2. The results are given in Tables I, II , and III (see also Fig. 1) .
It is evident that the rate of growth and of entrance of potassium was greater at the high than at the normal pH. The gain in moles 8 at pH 8.8 is compared with that at pH 8.2 in Table III , and the calculated gain is also given. The calculation is as follows. Assuming Protoplasma, 1930, 11, 481) . t These values were obtained as follows: The two volume measurements were averaged and in the case of the control the averaged values were multiplied by the factor 11.40 + 11.14. (a) In spite of the flow of sea water, the pH just outside the protoplasm 10 undoubtedly rose greatly as the result of photosynthesis and this rise was much greater in the controls than in the cells placed in sea water at 8.8. Hence the difference between the two lots of cells was undoubtedly very much less than that assumed in making the calculation. This will be discussed presently (p. 740).
(b) The high pH may change the protoplasm (e.g. by leaching as in the case of Nitellan). Such disturbing factors are probably responsible for the fact that in general growth does not go on increasing indefinitely as the pH is raised, but reaches an optimum and then declines.
In the absence of these disturbing factors we might expect the behavior of potassium to proceed more nearly according to calculation and this seems to be the case. When, for example, we raise the concentration of KC1 in the sea water from 0.011 M to 0.024 ~ (without changing the pH) a calculation of data in a former paper * shows that the rate of entrance should increase 2.95 times (calculation on the basis of ionic exchange gives about the same). In 20 days the observed increase was 2.24 times. The discrepancy is not great and may be due to small differences in pH.
B. At Low pH: Flowing Sea Water
In these experiments the cells were exposed to running sea water (day and night) at pH 6.8 and at pH 8.2. They were kept out of doors (shaded from direct sunlight). In the first experiment the pH was adjusted in the manner previously described and the fluctuations during the experiment did not exceed 0.2 pH unit. The results are given in Table IV .
Here the rate of growth was greater in the control than at the low pH, and the rate of entrance of moles of potassium was from 2.2 to 4 times as great. This is a smaller difference than we should expect if lo I.e., in the cell wall and in the film between the protoplasm and the cell wall where the flow of sea water would have relatively little effect. 11 0sterhout, W. J. V., and Hill, S. E., J. Gen. Physiol., 1933-34, 17~ 99 . 0ster-bout, W. J. V., Ergetrn. Physiol., 1933, 85~ 988. there were no photosynthesis. Indeed we should expect potassium to come out at the low pH. However, it has been pointed out (p. 734) that the photosynthetic effect makes it impossible to make reliable quantitative Calculations. 12
Another variation is illustrated by Experiment 2. This was actually a preliminary experiment, but it raises an interesting point. Here the behavior of cells exposed to low pH and normal sea water was Table II . The factor to bring both volumes to the same value at the start was 7.30 + 7.07 applied to the lot at pH 6.8. about the same (Table V) . This is not surprising in view of the special conditions (this is discussed on p. 740).
The cells were exposed in the same way as in Section A, but the adjustment of the pH to 6.8 was accomplished by shaking with 0.6 N HC1 without aeration. Here the pI-I fluctuated as stated below.
12 To calculate the pH at which potassium should begin to come out involves an accurate knowledge of individual ion activities which is not possible to obtain.
Cf. Guggenheim, E. A., J. Phys. Chem., 1929, The pH was determined at 24 hour intervals and each time it was found that an increase had taken place and more acid had to be added to bring it back to the neighborhood of 6.8. The highest point reached was 7.4 and as the experiment proceeded the magnitude of the rise decreased. The explanation seems to be that when sea water is acidified it tends to remain supersaturated with respect to free COs for a period which depends largely on the amount of agitation it receives, t3
The observed rise of the pH to 7.4 is not, of course, sufficient to make the value of (I~) (OHo) for the low pH group equal to that for the normal group but there is good reason to believe that (0H,) for the low group may have been less than usual. For it is well known that free COs in the sea water penetrates into the vacuole very rapidly and produces a marked decrease in the pH. Hence in Table I. sea water supersaturated with COs the internal pH ought to be lower. The pH measurements on the sap do not show this, but these measurements were made on saps extracted in the morning when the sea water pH had risen. However, the following supplementary experiments described below indicate that the internal pH actually can be changed to a considerable extent by rapidly changing the outside pH under these conditions. About 100 cells, whose sap had an average pH of 5.9, were placed in 500 cc. of sea water the pH of which had been reduced by the addition of 0.6 N HCI to 13 We find that if all the HCi required to bring the pH of 16 liters of sea water down to the neighborhood of 7 is added at once, it requires about 5 hours of aeration, at a rate roughly estimated to be about. 10 liters of air a minute, to relieve the supersaturation. Table I . Factors for bringing the volumes to the same value at the start are 10.69 + 9.84 applied to the control and 10.69 + 10.27 applied to the lot at pH 6.8. 6.5 (without aeration). 15 minutes later the average pH of the cell sap was 5.6, and 30 minutes later it was 5.0. The sea water was then shaken vigorously to remove the excess COs, and after 15 minutes' exposure the pH of the sap had risen to 5.85.
From this experiment it may be deduced that in the low pH group of Experiment 2 the inside pH was for a considerable part of the time less than normal so that the value of (K~)(OI-L) -(K0(OH~) was greater than usual. It is useless Table I . The factors for bringing all volumes to the same value at the start are 13.29 + 12.54 applied to the control and 13.29 + 13.27 applied to the lot at pH 6.8.
to attempt to deal with the question quantitatively, but it may be said with confidence that the gradients of the low and normal groups of the experiment must have been much closer than the pH values given in Table V would indicate.
C. At High and Low pH: Sea Water Not Flowing
In these experiments no effort was made to prevent the change of pH due to the photosynthetic removal of COs. On the contrary, the effect was exaggerated by illuminating the cells constantly with artificial light. I n each experiment in this section there were three groups of cells. One was exposed to sea water at p H 6.8, one at p H The curves labelled "low pH" relate to an experiment in which the pH was 6.8 at the s t a r t and probably did not rise much since the supply of CO, was reduced. Average of Experiments 1 and 2, Section C. The curves are drawn free-hand to give an approximate fit.
5.1
8.8, and one at 8.2. These were the pH values at which the experiments began. Rapid and extensive changes due to the photosynthesis of the cells took place. These will be discussed presently.
The results are given in Tables VI and VII (see also Fig. 214 ).
In Experiment 1 the cells were exposed in bottles holding 250 cc., the fight being furnished by a 500 watt light at a distance of about 18 inches. About 2 inches of distilled water was interposed between cells and light to serve as a heat filter.
In Experiment 2 the cells were exposed in large glass tubes the light being furnished by nine 100 watt lights in three rows: the tubes containing the cells were placed 18 inches above the lights. As before, about 2 inches of distilled water was interposed as a heat filter.
The sea water was changed daily. This change reduced the pH temporarily but it soon rose again under the influence of photosynthesis.
It is evident that at both the high and the normal pH the rate of growth and the rate of increase in moles of potassium was approximately the same. This is to be expected in view of the effects of photosynthesis, which may be summarized as follows:
It is well known that marine plants increase the pH of the sea water during the day time. Thus McClendon u reports that in the Tortugas the pH of the sea water over well lighted bottoms rich in vegetation rises from 8.18 at night to 8.35 during the day. Crozier t6 states that in Fairyland Creek, a tidal inlet in Bermuda, where Valonia formerly grew luxuriantly, the pH at the head of the creek rises to 8.3 during the day, while in the Great Sound at the north it is 8.07. He considers this to be due to photosynthetic abstraction of CO~. The same investigator also found that Valonia kept in an aquarium raises the pH of normal sea water to the neighborhood of 9.5, by removing the CO~. for photosynthesis.
It was therefore to be expected that in the limited volume of sea water here employed the pH would rise rapidly (as found, for example, by Osterhout and Haas in experiments on UlvaXT). 14 This is based on an average of Experiments 1 and 2. Since the times were not in all cases the same in both experiments some of the values were estimated by graphic interpolation which in this case involved little or no error. In one experiment, for example, we found that when 2 liters of sea water were exposed to about 600 cells (of about 200 cc. volume) the pH rose from 8.3 to 8.8 in 5 hours and to 9.4 overnight (in this case continuous artificial illumination was used).
In another experiment with natural illumination (outdoors in the shade) the pH of 100 cc. of sea water in contact with 30 cells (with a volume of about 15 cc.) rose from 8.3 to 9.3 in 10 hours.
In neither case was the sea water stirred so that it seems probable that in the vicinity of the cells the change in the pH was much more rapid. Doubtless the pH of the sea water in contact with the outer layer of the protoplasm becomes greater than normal as soon as the cell is illuminated.
In other experiments sea water at pH 9.0 was exposed to cells and illuminated. Here also there was a rapid increase in the pH but the final value was only 9.3 to 9.4. Thus it appears that there is a definite limit to which the pH of Bermuda sea water can be raised by the removal of COs, and that this limit is about the same whether the sea water before the experiment is at normal or high pH. It was also found, as stated previously, that when the pH rose to 9.4 CaCO3 was precipitated. A study of the dissociation curve of COs in sea water is shows that at pH 9.4 an appreciable part of the total amount of COs in the system must be in the form of carbonate ion. But the sea water where the bottom is entirely calcareous is certainly saturated or nearly saturated with respect to CaCO3,19 so that when the activity of CO3 ion is raised CaCO3 is salted out. Hence the pH is buffered at that point30
It was further observed that the pH of sea water raised by photosynthesis could be lowered readily to its original value by equilibrating it again with the CO2 of the atmosphere by aeration31
It should be pointed out that CO2 from two sources will tend to offset the loss of CO~ in the sea water imbibed in the cellulose wall: CO, may diffuse in from the surrounding sea water and out from the protoplasm (where it is produced during respiration). Respiration is, of course, going on constantly but obviously the amount of CO, produced is less than the loss due to photosynthesis as long as the cell is illuminated. When illumination ceases it becomes important as the following experiment shows.
A group of cells in sea water in a dosed bottle were placed outside in the shade 18 Osterhout, W. J. V., and Dorcas, M. J., J. Gen. Physiol., 1925-26, 9, 255. 19 McClendon, J. F., Carnegie Institution of Washington, Pub. No. 252, 1918, 256 . 2o Part of the buffer capacity of sea water is due to other acids than carbonic, for example, boric, phosphoric, silieic, and possibly arsenic, hut the amount of any of these is so small that they may be neglected in this discussion.
21 This, of course, refers to sea waters which had not been allowed to remain long enough at the high pH to lose much calcium carbonate. so that in 10 hours the pH of the sea water rose from 8.3 to 9.3. They were then kept in the dark for 12 hours and the pH fell to 8.6. They were again illuminated and the pH rose to 9.3. Finally they were darkened again for 12 hours and the pH fell to 7.9. ~ In a control experiment in which sea water without ceils was treated in exactly the same way the pH (which was 8.3) did not change.
Such effects of photosynthesis appear to be chiefly responsible for the difference between Sections A and C.
In the latter these effects were allowed to develop fully. The illumination was continuous and the sea water over the cells was changed just enough to prevent the possible exhaustion of other substances in the sea water which the cells might need. Under these conditions we may expect that in the control and high pH sea water the actual pH would be most of the time near 9.4. Daily determinations of the pH showed this to be the case, and when the sea waters were replaced by fresh samples having the correct pH it rose in a few hours to 9.4. The pH just outside the protoplasm would of course rise more rapidly than in the main body of the sea water. It is therefore not surprising that the normal and high pH groups in Section C behaved in the same way.
In Section A the pH was controlled as far as possible by passing the sea water fairly rapidly over the cells. The CO~ content was restored by frequent aeration. The illumination was natural and therefore intermittent, so that for part of the time photosynthesis was abolished. The measured pH of the sea water did not change much in either group. Here, as would be expected, there was a distinct difference between the control and the high pH groups.
Let us now consider the behavior of cells at low pH. In both experiments the rate of growth was much less at the low pH than at either normal or high pH. Potassium moles did not change much. It is important to note that although in these low pH groups the external pH was much higher than the nominal 6.8 because of photosynthesis, it could not rise to the point reached by the normal and high pI-I groups. This is because in the process of reducing the sea water pH about 19/20 of the bicarbonate originally present was removed.
In one experiment for example in which about 600 cells (of about 200 cc. volume) were exposed with constant artificial illumination to 2 liters of sea water originally 22 This indicates that the sea water was slightly supersaturated with CO~, which might easily happen in a small volume of sea water in a small tightly stoppered bottle.
at 6.8 the pH rose to 7.7 in 5 hours and overnight to 8.4, but not higher after further exposure. It seems probable therefore that even in the layer of seawater just outside the protoplasm the pH did not rise much above 8.4. This would explain the difference between the cells in low pH as contrasted with those at normal and high pH.
Summarizing the experiments with illumination, constant or intermittent, we find that in all cases where a pH difference was maintained the growth and rate of entrance of potassium were greater at the higher pH.
In those cases where, in spite of nominal differences of pH, the cells behaved alike it is probable that, owing to photosynthesis, or supersaturation of the sea water by COs, little or no actual difference existed.
D. Experiments in the Dark
In an effort to avoid the changes in the pH of the sea water due to photosynthesis, some experiments were carried out in the dark at high (8.9) and low (6.9) pH with a control at pH 8.2. In these experiments the cells were exposed either in 2 liter bottles or large Pyrex tubes darkened by the application of several coats of black Duco. A rapid flow of sea water was maintained in all cases. In normal and high sea water in contact with cells there was a tendency for the pH to fall slightly but this was easily corrected by aeration. In the second experiment of this series the potassium content of the sea water was raised to five times the normal value3 ~
The results of the experiments in the dark may be summarized as follows. There was no definite evidence of growth at any of the pH values studied, even when the gradient was raised by increasing the potassium content of the sea water to five times normal. Nor was there any decisive drift in the rate of entrance of potassium moles except that in the low pH group there is some indication that potassium came out of the ceils, especially in the experiment in which the concentration of the potassium in the sea water was normal.
The fact that the uptake of electrolytes depends on light accords with the experience of Hoaglan& and his collaborators, and of M. M. Brooks, 25 and with our own earlier experiments? 6 To explain the failure of cells to grow and take in potassium we may consider the following:
In the first place account must be taken of the effect of respiration in the dark. The COs produced in the cell may diffuse out and produce a pH change in the layer of sea water next to the outside of the protoplasm. The following experiments show that changes do occur but they are not nearly as extensive as those produced by photosynthesisY
In these experiments sea waters at three pH's after adequate aeration were exposed to cells in darkened Pyrex bottles and the changes compared with those in the same sea waters not exposed to cells. The results are given in Table VIII .
The pH tends to fall slightly, not enough to explain the failure of the cells to grow in the dark at high pH and take in potassium when its concentration outside was five times normal. We must bear in mind, however, that owing to respiration the pH just outside the protoplasm may be considerably lower than in the main body of sea water. It seems much more probable that the failure to grow is due to the inability of the cell to manufacture cellulose in the dark. This might prevent the stretching of the cell wall and so render growth impossible. This is the more likely since there is little or no storage of carbohydrate in these cells.
It might be supposed that even in the absence of growth potassium and sodium would continue to enter. If this occurred the osmotic pressure would rise and 24 Hoagland, D. R., and Davis, A. R., J. Gen. Physiol., 1923-24, 6, 47 . Hoagland, D. R., Hibbard, P. L., and Davis, A. R., J. Gen. Physiol., 1926-27, 10, 121. 25 Brooks, M. M., Protoplasma, 1926, 1, 305. ~ Cooper, W. C., Jr., and Osterhout, W. J. V., J. Gen. Physiol., 1930-31, 
14, 117.
27 This, of course, is not unexpected for respirationis going on steadily even when the cell is illuminated and therefore CO~ is coming out of the vacuole, but clearly so slowly that it does little to offset the photosynthetic abstraction of CO,.
put an increasing pressure on the cell wall and this might be expected to check the further entrance of electrolytes. It would seem that this situation needs to be clarified by further investigation since in Nitella the concentration of electrolytes and the osmotic activity in the sap rise far above those in the pond water, but it must be remembered that in the latter they are exceedingly small and that in the sap they never reach the values found in Valonia.
In experiments in the dark at pH 6.8 (Y~) (OHo) is less than (K~) (OHi) and we should therefore expect potassium to come out of the cell, as indeed it did. In 15 days the loss in K moles was 4.4 per cent as compared with a loss of 0.12 per cent in the control and a gain of 1.9 per cent at pH 8.8. The rate of decrease of potassium moles was rather slow and it was compensated by a gain of sodium moles. This would be expected since (Nao) (OHo) is greater than (Nai) (OHm).
The third possible explanation of the failure of the ceils to grow in the dark and take in potassium derives from the suggestion ~s that the entrance of electrolytes may depend on the presence in the protoplasm of certain acids which act as carriers of potassium (see p. 747), as guaiacol acts in a model which accumulates potassium. If such carriers exist in Valonia they may be fugitive compounds present only during photosynthesis.
In view of the fact that we are inclined to emphasize the importance of a carrier in cell permeability, the following may be of some significance. Hundeshagen 29 has synthesized a diglyceryl stearyl phosphoric acid, the sodium and potassium salts of which are more soluble in non-polar organic solvents than in water: this applies in even greater degree to the calcium salt. Recently Chibnall and Channon ~° have demonstrated the presence of a very similar compound in the form of the Ca salt in a variety of cabbage (Brassica oleracea, L.) . Still more recently Smith and Chibnall St have extracted a similar compound from Dactylis glomerata, L. It is interesting, therefore, to consider whether the carrier in the protoplasm may not be some such compound.
It may be noted that the compounds described are related to the phosphatides according to the following scheme 32
The Ca salt of the A phosphatide diglyceryl phosphoric acid 28 Osterhout, W. J. V., and Stanley, W. M., J. Gen. Physiol., 1931 -32, 15, 667. 29 Hundeshagen, F., J. prakt. Chem., 1883 , 28, N. S. 2, 219. so Chibnall, A. C., and Channon, H. 3, Biochem. J., London, 1927 , 21, 225. $1 Smith, J. A. B., and Chibnall, A. C., Biochem. J., London, 1932 , 26, 1342 32 Here Rt, R~, etc., are different fatty acid residues (each taken once). This is of interest in connection with the claims s~ of Hansteen-Cranner, Grafe, Magistris, and others that phosphatides are present in the protoplasmic surfaces and play an important part in determining their permeability.
If the substances concerned resembled those described by Hundeshagen we might expect them to collect in the non-aqueous protoplasmic surfaces and to be very slowly dissolved out by distilled water: this action would be checked by the addition of calcium to the distilled water. To this extent the picture fits the situation found in the protoplasmic surface of NitelZa. 34 Whether HC1 and NaOH would dissolve these salts (when mixed with other substances) more rapidly than distilled water (as we might infer from the experiments on Nitella) is not known but may not be impossible.
There are, however, other changes which accompany the pH changes of the sea water, which may have some effect. Thus the changes in the CO2-HCOa-COa buffer system may be important. For example, at both high and low pH in our experiments the concentration of the bicarbonate ion was reduced. Hence, if, as M. M. Brooks 3~ believes, sodium or potassium bicarbonate can pass through the protoplasm as such, account must be taken of this factor. But both experiment 3s and theory seem opposed to this. 87 Further it might be thought that the reduction of bicarbonate outside would change the rate of exchange of bicarbonate ion for chloride ion. These points, however, cannot be settled without further experiment.
It may be added that the temperature of illuminated cells is higher than that of the surrounding solution.
DISCUSSION
The effect of pH might be thought to indicate that potassium penetrates as K + which enters in exchange for H + produced in the cell 3~ Hansteen-Cranner, B., Zur Biochemie und Physiologie der Grenzschichten lebender Pflanzenzellen, Christiania, Gr~ndahl and S~ns, 1922. (Meldinger fra Norges Landbrukshf~iskole, 1922, 2, Nos. 1 and 2.) Grafe, V., Biochem. Z., Berlin, 1925, 159, 445; 1929, 205, 256; Beilr. Biol. tL anz., 1928 , 16, 129. Grafe, V., and Horvat, V., Biochem. Z., Berlin, 1925 , :[59, 449. Grafe, V., and Magistris, H., Biochem. Z., Berlin, 1925 1926, 176, 266; 1"/7, 16. Grafe, V., and Ose, K., Biochem. Z., Berlin, 1927 , 18"/, 102. Grafe, V., and Freund, K., Beltr. Biol. Pflanz., 1928 , 16, 140. Magistris, It., Bio6hem. Z., Berlin, 1929 , 210, 85. Magistris, H., and Sch~ifer, P., Bio6hem. Z., Berlin, 1929 , 214, 440. Thierfelder, H., and Klenk, E., Die Chemie der Cerebroside und Phosphatide, Berlin, Julius Springer, 1930 . .~40sterhout, W. J. V., and Hill, S. E., J. Gen. Physiol., 1933 -34, 17, 87. 35 Brooks, M. M., Pub. Health Rep., U. S. P. H. S., 1923 , 38, 1470 . These results might be explained equally well as due to the entrance of KOH.
~6 Jacques, A. G., and Osterhout, W. J. V., J. Gen. Physiol., 1929 -30, 18, 695. ~70sterhout, W. J. V., Ergebn. Physiol., 1933 , 85, 984, 993, 1002 (the ions passing as such through the protoplasmic surface). But the calculations of Table III show that at the pH values stated the change in the rate of entrance would then be much less than actually observed. These calculations are made as follows. The rate of entrance would be proportional to (Ko) (H,) -(K~) (Ho). Hence, as other things being equal, we may put for the first period in Table I Rate at pH 8.8 Rate at pH 8. In this way we obtain the values in Table III . The average for the three periods is 1.09 which does not agree so well with the average observed value of 3.5 as does that of 5.53 calculated on the assumption that potassium enters as KOH. The effects of photosynthesis would make the observed value less than the calculated (see p. 740). But there seems to be no way of explaining the discrepancy between the values of 1.09 and 3.5 except by assuming that ionic exchange is unimportant.
As ionic exchange has recently been discussed elsewhere a7 it is not necessary to deal with it at length here. We need only say that in general its r61e appears to be a very subordinate one in the entrance of electrolytes.
Let us now consider in more detail the idea that potassium enters chiefly as KOH. If this should come about as in certain models ~8 (where potassium accumulates) we may suppose that KOH unites with an acid HX in the protoplasmic surface to form KX which reacts with COs in the sap to form KHCO3. The rate of entrance would then be proportional a9 to (Ko) (OHo) -(K~) (0H~) and must therefore increase as the acidity of sap increases so that we may expect that as respiration increases the rate of entrance of electrolytes and of growth will also increase. This seems to be true in general since young, rapidly growing cells usually have a relatively high rate of respiration. This has been discussed elsewhere? 7. 40
.~s Osterhout, W. J. V., J. Gen. Physiol., 1930-31, 14, 277. . 90sterhout, W. J. V., J. Gen. Physiol., 1932-33, 16, 529 . Osterhout, W. J. V., Kamerling, S. E., and Stanley, W. M., J. Gen. Physiol., 1933-34, 17, 445, 469. 40 We find that in models (footnote 28) when CO= stops bubbling the growth falls off.
The function of respiration in this connection appears to be twofold, not only keeping (OHm) low but also furnishing HCO8 for exchange with C1. 41 An exchange of this sort is assumed in order to account for the fact that potassium accumulates as KC1. .7 It might also be suggested that HC1 enters to displace COs which can readily escape.
The product (K¢) (C1¢) is greater than (Ko) (Clo) and it is evident that energy is required to bring this about. Doubtless this is derived from respiration but the mechanism requires elucidation. In models~S. 37, ,9 we are able to raise the product (K~) (HCO3~) far above (Ko) (HCO~o) by simply bubbling COs inside; i.e., without using any of the energy derived from the formation of CO2, so that we bring about accumulation by using what is ordinarily regarded as a waste product of the cell.
When the rate of entrance of KOH increases slowly there may be little or no rise in the pH of the sap ~ because it may be prevented by the exchange of HC0,-for C1-~' or by the production of acid in the cell: but when KOH enters rapidly there may be a local rise in pH just inside which will check the entrance of KOH and this may explain why the rate of entrance at high external pH is less than the calculation would indicate: a rise in pH in the sap as a whole is found in some cases (Tables I and II) . We expect little or no change in the concentration of potassium or of halide since water will enter because of the increased osmotic pressure in the sap (this agrees with experiments): in consequence growth increases (Tables I and II) .
The opposite picture is seen when the external pH is lowered and the entrance of potassium falls off (Fig. 2 , Tables IV to VII).
Since the rate of entrance depends on the external pH it seems possible that there may be considerable difference between light and darkness. In the light the value of (OHo) just outside the protoplasm would increase as the result of photosynthesis, thus favoring the 41 Regarding evidence for this see footnote 37. We assume that HCO, and C1 pass in molecular form through the protoplasmic surface.
42 If KOH react with HX in the protoplasm to form KX and this in turn with H~CO~ to form KHCO~ in the sap the end result is the same as if KOH penetrated as such (which would increase the pH of the sap). entrance of KOH. 43 In darkness the value of (Ho) just outside the protoplasm would increase as the result of respiration, thus favoring the entrance of HC1.
In conclusion it may be desirable to point out that the effects of photosynthesis here described would not alter the conclusions of former papers in cases where variation in the external pH is not significant, as for example in comparing the entrance of potassium from sea water containing 0.011 • and 0.24 ~t potassium. ~ But in dealing with the exit of potassium the external pH is important and the calculations 44 would be misleading when based on the measured pH of the sea water making no allowance for photosynthesis (unless compensated by a rise in the pH of the layer of sap adjoining the protoplasm).
Such considerations emphasize the importance of a constant flow of sea water to control the pH and other variables as far as possible.
Let us now consider the relation between sodium and potassium. Calculations similar to that given on p. 731 show that raising the external pH should not increase the entrance of sodium so much as that of potassium. This agrees qualitatively with the data (Tables  I and II ) which show that the value of K + Na is greater at pH 8.8 than at pH 8.15. 4~ Possibly this is due in part to changes in the protoplasm caused by the higher pH. ~ The fact that in this case the penetration of electrolytes depends on the external pH leads us to ask whether this is of general application. 47 Since as a rule growth depends on pH the following interpretation is offered for consideration. As the pH of the external solution rises from the minimum at which growth is possible the penetration of electrolytes increases, thereby raising the internal osmotic pressure and causing absorption of water, as seen in models. ~8 When the pH 43 If this went far enough it might affect the pH of the sap (as when NH8 enters) unless compensated by the production of COs in the sap. But since the volume of sap is so large it is not probable that the effect could ordinarily be detected.
44 Such calculations cannot have much accuracy since we do not know the individual ion activities. Cf. footnote 12.
4s The decline of this ratio in the control might raise the question of injury but the cells appeared normal and the growth was good.
4e Cf. Osterhout, W. J. V., Ergebn. Physiol., 1933 Physiol., , 35, 1017 . 4~ Regarding entrance of cations as hydrates, see Osterhout, W. J. V., Science, 1912, 36, 571; Ergebn. Physiol., 1933, 35, 971, 973, Bibliography references 119, 193 a, 194, 195. rises above the optimum secondary changes occur; e.g., such alterations of the protoplasm as are seen in experiments on Nitella. 4~ SIYM~f~LRY It would be natural to suppose that potassium enters Valonia as KC1 since it appears in this form in the sap. We find, however, that on this basis we cannot predict the behavior of potassium in any respect. But we can readily do so if we assume that it penetrates chiefly as KOH. We may then say that under normal conditions potassium enters the cell because the ionic activity product (K) (OH) is greater outside than inside. This hypothesis leads to the following predictions:
1. When the product (K) (OH) becomes greater inside (because the inside concentration of OH-rises, or the outside concentration of K + or of OH-falls) potassium should leave the cell, though sodium continues to enter. Previous experiments, and those in this paper, indicate that this is the case.
2. Increasing the pH value of the sea water should increase the rate of entrance of potassium, and vice versa. This appears to be shown by the results described in the present paper.
It appears that photosynthesis increases the rate of entrance of potassium by increasing the pH value just outside the protoplasm. In darkness there is little or no growth or absorption of electrolytes.
The entrance of potassium by ionic exchange (K + exchanged for H + produced in the cell), the ions passing as such through the protoplasmic surface, does not seem to be important.
